Little is known about whether the substantial clustering of obesity and overweight within social and geographic networks results from causal pathways, such as social contagion and shared environments, or from self-selection.
T he idea that the health of individuals is interconnected has gained considerable attention over the last 10 years after a series of influential articles by Nicholas A. Christakis, MD, PhD, MPH, and James H. Fowler, PhD, [1] [2] [3] showed substantial clustering in obesity and other health-related attributes, behaviors, and conditions within social networks. This clustering pattern has been replicated in numerous studies. 4 , 5 Christakis and Fowler 1 have argued that this pattern is likely arising via social contagion. Specifically, in the case of obesity, social contagion would mean that if individuals in a social network became obese, it would increase the likelihood of any other individual in that network also becoming obese owing to social influences such as changing norms or mirroring. However, this claim has been challenged by other researchers 6-8 on 2 main grounds. The first and perhaps most important critique is that clustering of obesity within networks could simply be due to latent (unmeasured) homophily (the tendency for people to associate with people who have similar attributes). Second, the clustering of obesity may capture the influence of a shared environment (eg, network members may have similar proximity to green space and food opportunities that would influence their body weight similarly). Observational data on networks are largely unable to disentangle these alternative explanations because individuals self-select into social networks (homophily) and locations (residential selection) based on unobservable preferences that also influence their health outcomes directly. Disentangling the extent to which the clustering of obesity within networks is due to social contagion vs the competing explanations of self-selection (ie, homophily and residential selection) and shared environment is crucial because of their different implications for public health policy making. A contagion effect would favor policies that target social networks, such as directing interventions toward well-connected individuals within networks to leverage their potential multiplier effect 9 or interventions that seek to change norms and attitudes. 10 A shared environment effect would favor interventions that target aspects of the built or policy environment. However, selfselection would suggest a more limited role for interventions focusing on social networks or built environments. This study uses a unique natural experiment to examine the potential role of social contagion in obesity. We study military families because service members are routinely assigned to installations based on the needs of the military, thereby providing plausibly exogenous variation in their exposure to communities with varying rates of obesity. The reason and duration of exposure is outside of the control of individuals (with rare exceptions), offering a unique opportunity to study whether living in communities with higher rates of obesity can make individuals more likely to become obese themselves. Specifically, we examine whether parents and children in military families assigned to installations in counties with higher obesity rates are more likely to be overweight or obese than parents and children in families assigned to installations in counties with lower rates of obesity. We also examine whether time at installation and on-installation residence (vs off-installation residence), which proxy the degree of exposure to the obesity rate in the county, were associated. Finally, we examine whether shared built environment explains the observed association.
Methods

Context
We used data from the Military Teenagers Environments, Exercise, and Nutrition (M-TEEN) Study. The M-TEEN Study recruited families of US Army enlisted personnel located primarily at 12 military installations in the continental United States: Joint Base Lewis-McChord (Washington), Fort Carson (Colorado), Fort Drum (New York), Fort Bragg (North Carolina), Fort Benning (Georgia), Fort Bliss (Texas), Fort Campbell (Kentucky-Tennessee), Fort Hood (Texas), Fort Polk (Louisiana), Fort Stewart (Georgia), Fort Sill (Oklahoma) and Fort Riley (Kansas). These installations were chosen because they accounted for most of the active-duty US Army-enlisted population in the continental United States.
Consent Procedures
The study was approved by the institutional review boards at RAND, University of Southern California, and the US Army Human Research Protection Office. Parent consent and child assent were obtained online prior to participation.
Participants
Using US Army personnel records, enlisted service members located at these 12 installations who had a dependent child aged 12 or 13 years (as of March 31, 2013) were contacted from March 2013 through December 2014 via emails and postal mail with invitations to complete an eligibility screening.
There were 3 inclusion criteria: the service member did not intend to leave the military within the coming year; the eligible child resided with the service member at least half of the time; and the eligible child was enrolled in a public school or a Department of Defense Education Activity school. One
Key Points
Question Does exposure to communities with higher rates of obesity increase the body mass index (BMI) and risk of overweight/obesity of individual residents?
Findings Using data from military service members assigned to installations around the country, this study found that exposure to counties with higher rates of obesity (relative to counties with lower obesity rates) was associated with higher mean BMI and greater odds of obesity in parents and higher BMI z scores and greater odds of overweight/obesity in children. Associations were stronger among families who had resided longer in a given location and with off-installation residence; no evidence supported self-selection or shared built environment as explanations for these results.
Meaning Exposure to communities with higher rates of obesity is associated with higher BMI and greater risk of overweight and/or obesity in parents and children, and this may suggest the presence of social contagion.
parent and 1 child per family were invited to complete the surveys, regardless of family size. Participants were spread across 38 installations, 26 more than the original 12 installations selected, because of outdated information in the personnel dataset and because some personnel relocations occurred after personnel data were extracted.
Measures
County Obesity Rate Exposure was measured using the adult obesity rate in the service member's assigned county (installation county). The county obesity rate (COR) is a useful summary measure (or realized measure) of potential obesogenic influences in the county. County obesity rates for each of the 35 counties to which personnel were assigned were obtained from the Rob- . The lagged county obesity data were preferred because of the typical length of time at installation for our sample ( Table 1) .
A subset of families lived in neighboring counties around the installation county (18%). Installation county, instead of residential county, was used to assess exposure to county obesity rate (akin to an intent-to-treat analysis) because residential choice at a given installation may be less exogenous. Moreover, military families regularly access the installation for health care, shopping, recreation, and education, and so are exposed to the installation county regardless of where they live.
Body Mass Index, Overweight, and Obesity The height and weight of each child was collected via selfreport and parent report for all children. In addition, height and weight measurements were collected during visits to the original 12 installations for a subsample of children who attended the visits on specified days (n = 458). There were no meaningful differences between the measured and unmeasured children in terms of their sex, self-reported or parent-reported body mass index (BMI), overweight/obese status, and family socioeconomic characteristics (eTable 2 in the Supplement).
Using child self-reports, parent reports, and measurements, we computed 3 sets of child outcomes using the 2000 US Centers for Disease Control and Prevention Growth Charts: BMI z score, overweight or obese indicator (BMI ≥85th percentile), and obesity indicator (BMI, ≥95th percentile). Results using measures based on child self-reports and measurements are presented in Table 2 . Results based only on child selfreports are presented in Tables 3, 4 , and 5. Body mass index, overweight/obese status, and obese status of adult participants were computed from self-reported height and weight data collected in the survey and are presented in Tables 2, 3 , 4, and 5. 
Covariates
All regressions controlled for a rich set of covariates including the age, sex, and race/ethnicity of the participant (nonHispanic white, non-Hispanic black, Hispanic/Latino, or other); the marital status and highest education level among the child's parents (high school or less; trade, technical or some college; associate degree or equivalent; 4-year college degree or higher), the rank of the military parent (corporal/specialist or lower, sergeant, staff sergeant, sergeant first class, master sergeant/ first sergeant or higher); household income (≤$40 000; $40 001-$50 000; $50 001-$85 000; ≥$85 001), number of children in the household (1, 2, and 3 or more), on-installation residence, and time at installation (≤12 months, 13-24 months, 25-48 months, and ≥49 months).
Statistical Analyses
We estimated the association between the installation COR and body weight outcomes of children and parents using linear and logistic regression models, adjusting for the covariates described. Next, we tested for evidence of self-selection in 3 ways. First, we estimated unadjusted models, which should yield estimates similar to adjusted models if families did not self-select into counties based on our observed covariates. Second, we compared the observed characteristics of families in counties with high vs low COR (eTable 3 in the Supplement). Finally, we conducted a falsification test by estimating the association between COR and both child and parent height, which should be unrelated to the COR (eTable 4 in the Supplement).
To assess the importance of degree of exposure to the county, we estimated the adjusted association between COR and parent and child body weight outcomes separately for families with time at installation up to 24 months vs longer than 24 months, and families living on-installation vs off-installation. A longer time at installation implies greater exposure to the county, so we expected a stronger correlation between body weight outcomes and COR for these families. Because time at installation is determined by the military, this analysis offers a strong test of whether the degree of exposure matters. Likewise, we expected COR to be more strongly associated with body weight outcomes among families living off-installation owing to greater exposure to the county.
However, a potential concern was that families can selfselect into living on-installation vs off-installation. Data in eTable 5 in the Supplement detail that, while off-installation families were more likely to have higher rank and education (often considered protective factors against obesity), they did not differ from on-installation families in terms of the race/ ethnicity and sex of the children, nor in the parent and child body weight outcomes.
To examine whether shared environments could explain the observed association between COR and the body weight outcomes of parents and children, we estimated our main models adding 3 distinct sets of controls for the obesogenic built Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
a Contrasts are for a 1-percentage point higher county obesity rate. All data are self-reported.
b All regressions also controlled for age, sex, race/ethnicity, marital status of parents, highest education level of parents, rank of military parent, household income, number of children in household, residence status (on-installation or off-installation), and time at installation. Reference categories are male, non-Hispanic white, families living off-installation, nonmilitary parents, unmarried people, personnel holding the rank of corporal/specialist or lower, adults with a high school diploma or less, a household income of $40 000 or less, 1 child in household, and a time at installation of 12 months or less.
c P value is from a cross-model hypothesis test of difference in estimates for on-installation vs off-installation residence. 
Results
Descriptive Statistics
In all, 3140 families completed the eligibility screening; 2475 were considered eligible; and 1721 provided consent to participate. One child and 1 parent in each family were invited to complete online surveys, and 1519 families completed at least 1 parent or 1 child survey (sample flowchart in the eFigure in the Supplement; missing data details in eTable 6 in the Supplement). In total, 1314 parents and 1111 children were included. Descriptive statistics for the analysis sample are reported in Table 1 . The prevalence of overweight or obesity in the M-TEEN Study sample was 75% among parents (987/1314 parents) and ranged from 25% (324/1288) to 28% (126/458) in children, depending on whether height and weight information came from parent reports or anthropometric measurements, respectively ( Table 1 ). The responding parent was more likely to be the military parent (967/1314; 74%) and male (740/1314; 56%). The racial/ethnic composition of the sample included nonHispanic white persons (529/1314; 40%), non-Hispanic black persons (287/1314; 22%), Hispanic/Latino persons of any race/ethnicity (316/1314; 24%), and all others (182/1314; 14%). Approximately 44% of the families (582/1519) lived on-installation, and 818 of 1314 families (63%) had been at their current installation for longer than 24 months.
County obesity rates ranged from 21% in El Paso County, Colorado, to 38% in Vernon County, Louisiana, with a mean and median of 30%. (Full distribution is presented in eTable 1 in the Supplement.)
Regression Results
In adjusted models, military families in counties with higher obesity rates had higher BMI and higher odds of overweight and/or obesity (Table 2 ). Specifically, a 1-percentage point higher COR was associated with 0.08 higher BMI among the parents in the study cohort (95% CI, 0.02-0.13) and 5% higher odds of obesity (adjusted odds ratio [aOR], 1.05; 95% CI, 1.02-1.08).
The COR was also positively associated with children's BMI z-score and odds of overweight/obesity. For example, a 1-percentage point higher COR was associated with 4% higher odds of overweight/obesity (aOR, 1.04; 95% CI, 1.01-1.06). The COR was also associated with higher odds of overweight/obesity among children (aOR, 1.06; 95% CI, 1.01-1.12) even when constructed from anthropometric measurements instead of selfreports among the subsample with measurements ( Table 2) . We found no evidence to suggest that self-selection was a concern. The associations between COR and the body weight outcomes of parents and children remained similar even in unadjusted models (Table 2 ). There were no systematic differences in the observed characteristics of families by COR (eTable 3intheSupplement). In addition, the falsification test showed no statistically significant association between child or parent height and the COR (eTable 4 in the Supplement).
The association between COR and the BMI z scores and odds of overweight/obesity in children was stronger among g Estimates are reported as adjusted odds ratios.
Research Original Investigation Natural Experiment in Social Contagion of Body Mass Index, Overweight, and Obesity families with time at installation longer than 24 months vs those with time at installation shorter than that length (Table 3) . The association between COR, the odds of obesity in parents, and all child outcomes was stronger among families who lived off-installation than those who lived on-installation (Table 4) . The positive association between COR and the body weight outcomes of parents and children remained similar even after controlling for the shared built environment in the county, Geographic Information Systems measures of built environment in the neighborhood of residence, and parent-reported Neighborhood Environment Walkability Scale for Youth scores ( Table 5) .
Results of Alternative Models
We conducted several additional analyses to confirm that these findings were robust. First, eTable 7 in the Supplement demonstrates that similar results were obtained when using residential county to assess exposure to county obesity rather than installation county. Second, we reran analyses using parentreported child outcomes and found that these yielded similar results (eTables 8-10 in the Supplement). In another alternate model, the occupation of the military parent (recorded as any of 22 occupation code indicators) and seniority were added as control variables, but again results remained similar (eTables 11 and 12 in the Supplement). Models using alternative cutoffs (12 months, 18 months, and 30 months) for the time at installation analyses yielded similar results to the 24-month cutoff (eTables 13-15 in the Supplement).
Finally, we conducted 3 additional sets of analyses to support our main results. First, we estimated models that used corrected child BMI, overweight, and obesity measures instead of parent-reported or child-reported measures to address concerns about measurement error in reports (eTable 16 in the Supplement). Briefly, we used the subsample that also had measured BMI to correct for measurement error in reports. 16 These results were similar to those shown in Table 2 . Second, for the subsample of children with measurements, we also estimated models using alternate body composition measures based on waist-to-height ratio, waist circumference, and percentage of body fat (eTable 17 in the Supplement). These results also provided evidence of a relationship with COR. Third, we examined whether COR was associated with the dietrelated and activity-related behaviors of families, as would be expected if it were associated with body weight. We found some relationships for parent and child physical activity and healthiness of the home food environment, but not for dietary intake (eTable 18 in the Supplement).
Discussion
Our results suggest that military families assigned to installations in counties with higher obesity rates were more likely to be overweight and/or obese than their counterparts assigned to installations in counties with lower obesity rates. The natural experiment design of this study, whereby military families are exogenously assigned to different installations (and hence different counties) in the course of their service allowed us to address concerns about self-selection, which is one of the primary limitations of existing studies. We found no systematic pattern in the observed characteristics of families at installations located in counties with higher vs lower obesity rates that could explain our findings. Greater exposure to the county, proxied by longer time at installation and by off-installation residence, was associated with stronger observed correlation between COR and the body masses of military families. We also examined whether our findings could be explained by shared built environments. Controlling for the county built environment using objective measures and controlling for neighborhood built environment using objective or subjective measures did not explain the association between the COR and the BMI and rates of overweight/obesity in families. While this study cannot definitively rule out the role of shared environments with the available measures, these findings suggest that other mechanisms may be at work.
The absence of evidence supporting self-selection or shared environment opens the possibility that social contagion may explain our findings. The work of Christakis and Fowler 1 and others 5 have suggested that social contagion may operate via common behaviors or mirroring. However, according to a review by Cunningham et al, 4 the evidence on mirroring has not been consistent. Mirroring is more commonly observed in friends and family networks, peer networks, and cultural groups, where individuals may mirror the behavior of significant others or those they esteem; it is therefore less likely to be a primary mechanism in our geography-based network. Social contagion can also operate through changing societal norms and aspirations, personal aspirations to attain the body size of others, and changing behaviors in response to the body sizes in a particular setting. In a randomized clinical trial, Krones et al 17 found that being around people who were thinner than average increased body weight dissatisfaction among young women. In another study, children and adolescents whose social networks (parents and schoolmates) were composed of overweight individuals were more likely to underestimate their own weight and develop inaccurate perceptions of what constitutes appropriate weight status. 18 Unfortunately, our data did not allow us to explore these issues directly.
Limitations
Our study also has other limitations. First, generalizability may be a concern. However, there was remarkable similarity in the overall prevalence of overweight or obesity between the M-TEEN Study sample (75% in parents; 27% in children) and the general population (69% in adults; 34.5% in children aged 12-19 years), 19 despite the common perception that military populations are healthier due to the fitness requirements of service members. Second, the focus on geography-based networks (ie, counties) is different from the friends, family, and peer networks that have dominated the literature. However, there are important advantages of our approach. The exogenous placement of military families into counties minimizes concerns that individuals self-select into locations despite the cross-sectional nature of the data. Moreover, our geography-based networks are less subject to homophily concerns that plague friendship and family networks, which are based on self-identification. Nevertheless, we acknowledge that our results might not be generalizable to other networks because the close social ties in networks of families, friends, and peers are likely to create more complex relationships and behaviors, which would make behaviors more contagious but are also confounded by self-selection. While we did not find any evidence of self-selection, we cannot completely rule it out because we cannot control for all unobserved confounders. Likewise, given that measuring the built environment is complex, our objective and subjective measures may not capture all relevant features influencing obesogenic behaviors. Lastly, self-reported BMI for parents is a limitation.
Conclusions
Exposure to counties with a higher prevalence of obesity was associated with associated with higher BMI, overweight, and/or obesity in parents and children. There was no evidence to support self-selection or shared environment as explanations for this association, which may suggest the presence of social contagion in obesity. Of the 1519 families who participated in the M-TEENS, 205 parents and 401 children had missing data on at least one of the variables used in the estimation. In addition, there were 7 children for whom either the parent-reported or self-reported zBMI was an outlier (beyond +/-6) 16 so these cases were also dropped from the analysis sample. The missing data among parents was due to item non-response whereas missing data among children was due to a combination of survey non-response and item non-response. We also estimated our models on the sample where missing data for covariates was imputed using multiple imputation methods. These results were very similar to those presented in the paper and those from the main model are shown above.
We also compared the observed characteristics between responding families (N=1519) and nonresponding families (N=17,469). We had very limited information on non-responding families from the Army personnel data extract, which included the service-member's gender, race/ethnicity, paygrade, and occupation. Compared to non-responding families, families that participated were more likely to have a female service-member. However, there were no substantive differences by race/ethnicity, paygrade, or occupation. Notes: beta coeff: linear regression coefficient; AOR: Adjusted Odds Ratio. * p<0.10, ** p<0.05, *** p<0.01 All regressions control for installation county obesity rate; respondent's age, gender, and race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic/Latino, Other); parent's marital status, highest education level among child's parents (High school or less; trade, technical or some college; Associate degree or equivalent; 4 year college or higher), military parent's rank (Corporal/Specialist or lower; Sergeant; Staff Sergeant; Sergeant First Class; Master Sergeant/First Sergeant or higher); household income (<=$40,000; $40,001-$50,000; $50,001-$85,000; $85,001 or higher), number of children in the household (1, 2 and 3 or more), on-installation residence, and months at current installation (<=12, 13-24, 25-48 and >=49). Reference Categories: Male, White non-Hispanic, living off-installation, non-military parent respondent, unmarried, rank Corporal/Specialist or less, less than high school degree, household income<=40,000, one child in household, and at current installation <=12 months. We used the subsample of 458 children with measurements as a validation sample to correct measurement error in the reported height and weight of the children with no measurement data by estimating "correction models" that are a standard approach in the literature. 17,18 Details about our correction models are reported elsewhere 19 . Using the "corrected" height and weight, we computed age-and gender-specific BMI z-score (zBMI) and an indicator for overweight or obese (BMI percentile >=85 th ) based on the 2000 BMI-for-age and gender growth charts issued by the Centers for Disease Control and Prevention. Results using these "corrected" outcome measures were similar to those reported in Table 2 $40,001-$50,000; $50,001-$85,000; $85,001 or higher), number of children in the household (1, 2 and 3 or more), on-installation residence, and months at current installation (<=12, 13-24, 25-48 and >=49). Reference Categories: Male, White non-Hispanic, living off-Installation, non-military parent respondent, unmarried, rank Corporal/Specialist or less, less than high school degree, household income<=40,000, one child in household, and at current installation <=12 months.
Dependent
To examine whether the county obesity rate was also associated with parent and child dietary and activity behaviors, we estimated ordered logistic, Poisson, and linear regression models for ordered categorical, count, and linear dependent variables, respectively. Measures of obesogenic behaviors and home environment, and the estimation results, are reported above.
Measures of Obesogenic Behaviors and Home Environment
Child's physical activity was measured as minutes per week of moderate and vigorous physical activity (PA), and hours per week of watching television and playing videogames based on self-reports.
Children's dietary intake was assessed via a modified version of the Beverage and Snack Questionnaire, 21 which asks about the number of times during the past 7 days that child consumed fruits, vegetables, diet and regular sodas, and types of salty snacks and sweets, among other beverages and foods. The response categories included: never, 1-3 times, 4-6 times, once a day, twice a day, thrice a day, 4+ times per day. No assumptions or guidance about portion size was provided. These responses were converted into counts of the number of times per week that the child reported consuming each food and beverage category. Mid-points of the range were used for response categories 1-3 times and 4-6 times in past 7 days. The dietary outcomes were available for children who completed the child survey.
Parent's physical activity was measured as minutes per week of moderate and vigorous physical activity (PA) based on self-reports.
Home healthiness score was computed by aggregating responses on survey questions asking parents -(1) how much they agreed or disagreed with statements about the healthiness of their home environment (see below), (3) limits that parents set for their children's consumption of SSBs, salty snacks, and sweets (0-1 times per week, 2-3 times per week, and so on), and (4) times per week family eats dinner out (at a restaurant or take-out) and dinner that was ready-made (e.g. frozen dinners, microwave meals A higher county obesity rate was associated with fewer minutes per week of vigorous activity in children and parents, but had no association time spent watching television or playing videogames. There were no associations for child-reported dietary intake measures. However, for parent-reported outcomes, a higher county obesity rate was associated with a lower home healthiness score, higher likelihood of eating prepared foods, and higher parent-set limits on children' SSB, salty snack and sweet consumption. These findings were similar even in models that additionally controlled for neighborhood built environment (not shown).
In alternate models, we also included both the neighborhood built and environment measures and the overall score of neighborhood walkability computed from the parent-responses on the parent-version of the validated Neighborhood Environment Walkability Scale -Youth (NEWS-Y) that was included in the parent survey. The results were similar and are available upon request.
Information on Family Installation Choice
The duration of residence at or on a given installation is outside the control of individual military personnel and their families with rare exceptions; 7 
